We use a new scheme to describe the X(5) nuclei, in which the SU (3) quadrupole-quadrupole interaction is replaced by the SO (6) 
Introduction
In the last decades, transitional nuclei were extensively studied in the Interacting Boson Model (IBM).
1-3 Possible descriptions of nuclei at the critical point of shape (phase) transitions from spherical vibrator to axially symmetric rotor, called X (5) , have been proposed. 4 In this work, we will study the X(5) nuclei by replacing the well-known SU (3) quadrupole-quadrupole interaction with the SO(6) cubic [Q (0) ×Q (0) ×Q (0) ] 0 interaction, which was first suggested by van Isacker 5 and further confirmed by Thiamine and Cejinar. 6 We know from Refs. 5, 6 that the replacement of the SU (3) quadrupolequadrupole interaction by the SO (6) 
0 interaction is an alternative to describe X(5) nuclei in the traditional U (5)−SU (3) transitional region. Experimentally, many nuclei with the X(5) critical point symmetry have been found, such as 152 Sm, 150 Nd, 154 Gd. [7] [8] [9] [10] [11] [12] The main purpose of this work is to use this idea to study these three X(5) nuclei.
Formulation
The Hamiltonian in this new scheme iŝ
where c is a scaling factor, η is a real number with 0 ≤ η ≤ 1,n d is d boson operator, n is the number of bosons, and [
0 is the SO(6) cubic term. This is called U Q scheme. When the cubic term in (1) is replaced by the SU (3) quadrupole-quadrupole interaction which means U (5)−SU (3), the resultant Hamiltonian become the U S scheme. Now we choose the parameters. The parameters c and η in both the U Q and the traditional U S schemes are chosen when Table 1 , which shows that the overall fitting quality of the U Q scheme is better than that of the U S scheme. 
Results
Energy ratios are often adopted as benchmarks of the critical point symmetry. Results of these ratios calculated from both the U Q and U S schemes and the corresponding experimental values [13] [14] [15] are given in Table 2 . We can see that the U Q scheme is better than the traditional U S scheme if fitting the low-lying spectra of these X(5) nuclei, especially for the ground state band. However, it should be stated that the β band of these nuclei is not well described in the U Q scheme. In particular, the 0 + 2 level fitted in the U Q scheme is lower than the corresponding experimental value, but the overall fitting quality of the U Q scheme is better than that of the U S scheme. The B(E2) branching ratio is another benchmarks of the critical Fig.1 . We can see that the B(E2) branching ratios are different in intra-band from those of inter-band transitions. We also see that the results obtained from the U Q scheme are better than those from the U S scheme, especially the branching ratios R 2 and R 3 of intraband transitions obtained from the traditional U S scheme are too large in comparison to the corresponding experimental values, while those obtained from the U Q scheme are much closer to the experimental data. [13] [14] [15] In addition, the results also show that the U Q scheme is better than the U S scheme in fitting both inter-band and intra-band E2 transitions.
Summary
In summary, the energy ratios and B(E2) ratios of 150 Nd, 152 Sm, and 154 Gd nuclei are studied in the present work, and the results show that the new scheme seems better to describe these X(5) nuclei than the traditional U (5)−SU (3) transitional description. 
